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O (S 7 ) Abstract: A method of preparing intraocular lenses in situ is disclosed. The method involves the injection of an unsaturated 
^ macromonomer of Formula (I). The macromonomer is then polymerised to give a polymer having an E modulus in the range 0.5 - 5 
& kPa. 



PCT/AUOO/00915 

WO 01/08603 

1 

BIOMEDICAL COMPOSITIONS 

Technical Field of the Invention 

This invention relates to ethylenically unsaturated raacromonomers that are 
suitable for use as precursors for polymers in biomedical applications. 

5 Background of the Invention 

The use of polymeric prostheses and biomedical mouldings has grown 
rapidly in recent times. Such mouldings may be used for contact lenses or for 
specific ophthalmic purposes. For example, they may be used for intraocular lenses 
and eye bandages. They may also be used for surgical mouldings such as heart 
10 valves and artificial arteries. Other applications include wound dressings, 
biomedical adhesives and tissue scaffolds. Use in drug delivery is a further 
application. 

Diseases of the lens material of the eye are often in the form of cataracts. 
The ideal cataract procedure is considered to be one where the lens capsule bag is 

15 maintained with the cataractous lens material removed through a small opening in 
the capsule. The residual lens epithelial cells are removed chemically and/or with 
ultrasound or lasers. A biocompatible material with appropriate optical clarity, 
refractive index and mechanical properties is inserted into the capsular bag to 
restore the qualities of the original crystalline lens. The desired refractive index is 

20 1.41. 

There have been recent advances in methods of inserting intraocular lens. 
For example, US Patent number 5,772,667 assigned to Pharmacia Lovision Inc. 
discloses a novel intraocular lens injector. This device compresses an intraocular 
lens by rolling the lens into a tight spiral. The device then injects the compressed 

25 lens through a relatively small incision in the eye, approximately 2- 3 millimetres in 
length, resulting from a phacoemulsification procedure. The intraocular lens is 
inserted into a receiving channel of the injector device in an uncompressed state and 
is urged into a cylindrical passageway. As the intraocular lens advances into the 
cylindrical passageway, the lens rolls upon itself into a tightly rolled spiral within 

30 the confines of the cylindrical passageway. An insertion rod is then inserted into an 
open end of the cylindrical passageway and advances the compressed lens down the 
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passageway. As the lens exits the passageway and enters the eye, the lens will 
expand back to its uncompressed state. 

To avoid the need for such injection devices, it has been proposed that 
intraocular lenses be formed in situ after being injected as a liquid flowable form 

5 into the lens capsule bag. However, while this concept is attractive in that smaller 
incisions would be required, it raises further difficulties in that further chemical 
reactions are required to cure the injectable material and these are required to be not 
harmful to the patient. It is also a requirement that the chemical reactions can take 
place over a relatively short time under mild reaction conditions. It is desirable that 

10 the reaction is also not significantly inhibited by oxygen. A still further requirement 
is that no by-products or residues are produced that may have an adverse biological 
effect on the patient 

As adults age the accommodative power of the eye decreases leading to the 
onset of presbyopia. This age-related decrease in accommodative power is believed 

15 to be caused by a decrease in the elasticity of the lens material. This decrease is 
probably caused by cross-linking of the lens material. Thus the loss of 
accommodation results from a change in elasticity rather than a decrease in the 
action of the ciliary muscles. The replacement of the original lens with a synthetic 
polymer having the elasticity equivalent to the lens of a young adult offers the 

20 prospect of being able to use a surgical procedure to replace the need for glasses to 

■ j 

correct presbyopia. 

US Patent No. 5,079,319 assigned to Ciba-Geigy Corporation discloses vinyl 
unsaturated macromonomers that are prepared via a two stage process. In the first 
stage of this process copolymers are prepared by addition polymerisation of 

25 ethylenically unsaturated monomers. The monomers are selected such that the 
polymer chain includes polysiloxane units pendant from a carbon backbone. 
Ethylenic unsaturation is introduced into the copolymer in the second stage by 
reaction of an active hydrogen in the polymer chain with an unsaturated isocyanate. 
The unsaturated macromonomer so formed may be subsequently crosslinked in a 

30 mould to form contact lenses. This invention is described as being an improvement 
over US Patent No. 4,605,712 which has a common assignee. The improvement is 
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described as being the ability to introduce higher concentrations of siloxane groups 
without the problems of phase-separation and opacity associated with the 
compositions of 4,605,712. Patent number 5,079,319 asserts that addition 
polymerisation in the first stage leads to more random introduction of siloxane 

5 groups and thus the avoidance of large incompatible domains. 

Silicones containing pendant (meth)acrylic or (meth)acrylamide groups are 
particularly suitable for rapid crosslinking using radical photoinitiating systems. 
US Patent No. 4,563,539 assigned to Dow Coming Corporation, discloses the 
synthesis of acrylofunctional siloxanes. 

10 International Publication No. W099/47185 in the name of Pharmacia & 

Upjohn Groningen BV proposes intraocular compositions comprising aqueous 
dispersions of polymerisable microgels. This application relies upon the microgel 
structure to obtain the rapid crosslinking required for intraocular lens procedures. 
The invention of this application is distinguished from this invention as it uses 

15 oligomers and solution, polymers. The citation claims that it is not possible to 
achieve the required balance of speed of crosslinking, refractive index and 
mechanical properties necessary for intraocular procedures with such polymers. 

Summary Of The Invention 

This invention provides in one form an ethylenically unsaturated 

20 macromonomer comprising units of Formula I: 



Me _ 




-Me 



where L is a linker group 

Z is an ethylenically unsaturated free radical polymerisable group 

y is £ 2 
x is £ 5 
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and wherein the ethylenically unsaturated groups are provided by (meth)acrylamide 
moieties. 

The linker group, L, functions as a spacing group which allows the required 
ethylenic unsaturated group Z to be attached to the copolymer backbone. It may be 
5 a linear, branched or cyclic hydro carbyl chain. It may contain hetero atoms as well 
as carbonyl and other substituted atoms. 

In an alternative form this invention provides an ethylenically unsaturated 
macromonomer comprising units of Formula I wherein the molecular weight of the 
macromonomer is in the range 3,000 - 80,000, and wherein the ethylenically 
10 unsaturated groups are provided by (meth)acrylamide, (meth)acrylate and styrenic 
moieties. 

In a further alternative form this invention provides an ethylenically 
unsaturated macromonomer comprising units of Formula I wherein the 
macromonomer has a viscosity at 25°C in the range 1,000 - 20,000 cSt, and more 
15 preferably 1,000 - 10,000 cSt and after polymerisation has an E modulus in the 
range 0.01 - 100 kPa, preferably 0.1 - lOkPa and more preferably 0.5 - 5kPa. 

In an alternative embodiment this invention provides polymers for 
biomedical application wherein polymers are polymerised from macromonomers as 
defined above. 

20 In a still further alternative form this invention provides a method of 

preparing intraocular lenses in situ by injecting a flowable macromonomer composition 
of Formula I into a lens capsule bag where: 
L is a linker group; 

Z is an ethylenically unsaturated free radical polymerisable group; 
25 y is > 2 

and x is > 5 

and wherein the macromonomer has a viscosity at 25°C in the range 1,000 - 20,000 
cSt, and more preferably 1,000 - 10,000 cSt and polymerising the macromonomer 
to provide a polymer having an E modulus in the range 0.01 - 100 kPa, preferably 
30 0.1 - lOkPa and more preferably 0.5 - 5kPa. 
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In a further embodiment this invention provides a method of treating 
presbyopia by making an incision into the cornea of a patient, removing the lens 
material and injecting a flowable macromonomer composition of Formula I where 
the macromonomer has a viscosity at 25°C in the range 1,000 - 20,000 cSt, and 
5 more preferably 1,000 - 10,000 cSt and polymerising the macromonomer to 
provide a polymer having an E modulus in the range 0.01 - 100 kPa, preferably 0.1 
- lOkPa and more preferably 0.5 - 5kPa. 
Detailed Description Of The Invention 

The most effective process for producing the preferred (meth)acrylamide- 
10 based macromonomers involves the attachment of acrylamide functional groups to 
poly(dime±ylsiloxane-co-aminoalkylsiloxane) copolymers by reaction with 2- 
vinyl-4,4-dimethylazlactone in solution as set out below in the scheme of reaction. 

However, treatment of the poly(dimemylsiloxane-co-aminoalkylsiloxane) 
copolymers with acryloyl chloride or other such reagents is an alternative means of 
15 synthesis. 

Mef Me Me-, Me 

Me- 



X _L 1 jVo--!i4 O —Si -Me /^O^ 



r | ft / i 



Me Me \ Me 




I i o 

dimethylaziactone 



polydimethyl-aminopropylsiloxane 
copolymer 



25' 



oror 



20 
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acryiamide-functionalised 
polydimethyl-aminopropylsiloxane 

copolymer 



5 The macromonomers set out in the above scheme of reaction as well as in 

Formula I are preferably random copolymers. However block type copolymers also 
fall within the scope of the present invention. 

While generally the compositions of the present invention do not usually 
involve the use of other macromonomers, these may be optionally included. This 

10 can be an advantage when the refractive index or viscosity needs to be adjusted. 
Preferably the compositions comprise at least 50%, more preferably at least 80%, 
by weight of macromonomers as defined in the present invention. 

The macromonomers of this invention may be polymerised by free radical 
polymerisation to form crosslinked or cured polymers. The mechanical and optical 

15 properties of the polymers are preferably matched to those of the natural biological 
material. In the case of lens material for the eye the refractive index should be close 
to 1.41. The modulus (E) of the polymer is measured by a Bohlin controlled stress 
rheometer in the range 0.01 - 100 kPa, preferably 0.1-10 kPa and most preferably 
0.5 - 5kPa. The E modulus is influenced by the number of ethylenically 

20 unsaturated groups per macromonomer and also the spacing of the ethylenically 
unsaturated groups. Generally as the number of ethylenically unsaturated groups 
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per macromonomer molecule increases or Ore spacing between ethylenically 
unsaturated groups decreases the elasticity of the cured po ly mer decreases. 

The crossing process is preferab.y carried out in such a way that the 
m acromonomer compristng cross-iinkable groups is free or essentiaUy «e from 
5 undesired constituents, in particular from monomerrc, obgotnenc or polymenc 
Lug cotnpounds used for the preparation of the cross-linkable «„men 
The polymer product should also be free from by-products formed dunng th 
p^on of the crosshnked polymer. The macromonotner is preferab.y used 
without the addition of a eomonomer although this is allowed. 

I„ me case of photo cross-uniting. it is expedient to add an iniuator whtch ts 
capable of initiating free-radical crosslink Examp.es thereof areknown to dte 
pin sknled in me am suitabie photoinitiators which may be menu ned 
Specifically are benzoins, such as benzoin, benzoin ethers, such as benzotn methyl 
eler benzoin ethyl ether, benzoin isopropy! ether and benzoin pheny! ether, and 
15 toin acetate-, acetophenone, such as acetophenone. 

and U-dichloroacetophenone; benzil. benzU ketal, such as benztl dunethy, M 
and benzil diethyl ketal, camphorquinone, anthraquinones, such as 2- 
methylanthraquinone, 2-emylanthraquinone, 2-tert-butylanmra,uinone. 1- 
chloroanthraqumone and 2-amylanthraqumone; furthermore triphenylphosphme. 
20 benzoyphosphine oxide, for example 2.4,6-trimemy.benzoyl-mpheny.phosphme 
oxide , benzophenones. such as benzophenone and 4,4-btsCM.N- 
dimethylamino)benzophenone; mioxanmones and xanthenes; aeridine denvauves; 
phenazine derivatives; quinoxaline derivatives and l-phenyl-l.2-propaned.one 2-0- 
benzoyl oxime; l-aminoph=nyl ketones and 1-hydroxyphenyl ketones, such as 1- 
25 hydroxyeyclohexylphenyl ketone, phenyl 1-hydroxyisopropyl ketone. 4- 
isopropylphenyl 1-hydroxyisopropyl 1-hydroxyisopropyl ketone. 2-hvdroxy-l-[4- 
2(-hydroxyethoxy)phenyl]-2-methylpropan-l-one,l-phenyl-2-hydroxy-2- 
methylpropan-l-one, and 2.2-dimemoxy-1.2-dtphenyletha n one, aU of whtch are 
known compounds. 

30 Particularly suitable photoinitiator, which are usually used with UV lamps 

aa Ugh, sources, are acetophenone, such as 2.2-dialkoxybenzo P henones and 
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hydroxyphenyl ketones, in particular the initiators known under the trade names 
IRGACURE®819 and IRGACURE®184. A particularly preferred photoinitiator is 
IRGACURE®651. 

Another class of photoinitiators usually employed when argon ion lasers are 

5 used are benzil ketals, for example benzil dimethyl ketal. 

The photoinitiators are added in effective amounts, expediently in amounts from 
about 0.05 to about 2.0% by weight, in particular from 0.1 to 0.5% by weight, based 
on the total amount of cross-linkable macromonomer. 

The resultant cross-linkable macromonomer can be introduced into a mould 

10 using methods known per se, such as, in particular, conventional metering, for 
example dropwise. Alternatively, the macromonomers may be cured in situ, as for 
example in the case of an injectable lens. In this case the macromonomer is cured 
or crosslinked in the lens capsule after injection. 

The cross-linkable macromonomers which are suitable in accordance with 

15 the invention can be crosslinked by irradiation with ionising or actinic radiation, for 
example electron beams, X-rays, UV or VIS light, ie electromagnetic radiation or 
particle radiation having a wavelength in the range from about 280 to 650 run. Also 
suitable are UV lamps, He/Dc, argon ion or nitrogen or metal vapour or NdYAG 
laser beams with multiplied frequency. It is known to the person skilled in the art 

20 that each selected light source requires selection and, if necessary, sensitization of 
the suitable photoinitiator. It has been recognised that in most cases the depth of 
penetration of the radiation into the cross-linkable macromonomer and the rate of 
curing are in direct correlation with the absorption coefficient and concentration of 
the photoinitiator. As well as photoinitiation, redox and thermal initiators may be 

25 used satisfactorily. 

If desired, the crosslinking can also be initiated thermally. It should be 
emphasised that the crosslinking can take place in a very short time in accordance 
with the invention, for example, in less than five minutes, preferably in less than 
one minute, more preferably in less than 30 seconds. It will be appreciated that 

30 while the macromonomers of this invention may be used alone to form the lenses 
and other biocompatible materials, other materials may also be present. For 
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example, diluents may be present as well as other monomers including other 
mac lonomer, When used as an injectable material the J£ 
have a viscosity in the range 1,000 - 20,000 eSt and more preferably U)00 - 0,000 
est at 25°C. Instruments such as the Brookfield rheometer or the Bohhn controlled 

stress rheometer may be conveniendy used for measurement. 

The invention will be further described by reference to the followmg 

examples where all parts are expressed as parts by weight 

Example 1 

This^ampteUlustra.esthepreparauonofanacryUnudemacromonom.r. 

An acrylamidoorganosilicon macromonomer of Formula I. where y = 3, x - 
60. and having a moiecular weigh, in - range from 4 000 to 
toee acrylamido radicals A. having the formula -CCO-aCH^NHaOKH-CH, 
was prepared as follows: 

" (CH 3 ) 3 SiO((CH 3 ) 2 SiO) x (0 CH 3 Si(CH 2 ) 3 NHA) y OSi(CH 3 )3 I 



20 



25 



30 



I*o a 25ml flask equipped with a stirrer bar and containing 10ml dry 
aichloromemane is placed 2.4 g of a commercial av^Me 
^opropylmemylsiloxane-dimethysUoxarte copolymer (avatlable from Gd* 

„c Tu.ly.own. PA as Product AMS-162). To this is added 0.23g of dtsulled 2- 
vin^dimemylaz.actone. The reacdon mixture is stirred for 18 hours, alter 
which the infra red spectrum is recorded to confirm complete consumption of the 

vinylazlactone. Dichloromethane solvent is then removed in vacuo to yteld a 

macromonomer of viscosity 250 centiStokes (cSt). 

Example 2 . , 

This example illustrates the preparation of a crosslinked polymer usxng the 

macromonomer prepared in Example 1. 

The acrylamide-funcuonalised siloxane and Irgacure 651 photomitxator (Qba 
Speciality Chemicals) were separately dissolved in chloroform in the proportions 
given below. The solutions were combined and the chloroform was removed :» 
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vacuo. The following example was placed into polypropylene moulds (designed to 
give a flat polymeric disc of 20.7mm diameter and 1.0mm depth) and polymerised 
for ten minutes under irradiation from a 365nm UV lamp. All parts are by weight. 



Macromonomer 
of 

Formula I (x = 60, y = 3) 


100 parts 


Irgacure 651 


0.3 parts 



After polymerisadon was complete, a transparent, rubbery polymer disc was 
removed from the moulds. The shear modulus of the polymer was measured with a 
Bohlin controlled stress rheometer (CS-10) as 220 kPa. 
Example 3 



This example illustrates that the synthetic procedure outlined in Example 1 
may be extended to other amino group containing polydimethylsiloxane 
copolymers. 



Macro 
monomer 


Mole % 
amino 
groups 


Molecular 
weight 


Percent 
azlactone 
substitution 
of amino 
groups 


Shear Modulus 

(kPa) 

after 
polymerisadon 


Viscosity 
(cSt) 


r.i. 


2A 1 


2-4 


28,000- 
32,000 


47% 


85 


14,600 


1.4132 


2B 1 


2-4 


28,000 - 
32.000 


25% 


2.5 


250 


1.4239 



1 . Prepared from Aminoethylaminopropyl Methylsiloxane-Dimethylsiloxane 
Copolymer (Gelest Systems, Inc. Product AMS-233). 

Macromonomers 2A and 2B were prepared in a similar fashion to 
macromonomer 1 . 
Example 4 



10 



15 
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TOS examp,e uluslrates *e preparation of cured powers from 

Macromonomers 2A and ww y 
polymerised for ten — under irradiadon from a 365nm UV lamp. 100 p«u 
.. n, Ireacure 651 photoinitiator were used in both 

Macromonomer and 0.3 parts Irgacure o 

examples The differenee in shear moduli for examples 2A and 2B shows tn 
mTalula, properties of the polymer ean he varied as desired h, changtng the 
degree of acrylamide substitution. 

^ example Umstmtes me preparadon of a macromonomer where *e 
ethy.enicaUy unsaturated groups are provided by aeryla* moteues and me 
po.ymerisadon of mis macromonom - - ^mer. ^ ^ % 

A silicone acrylate compound of Formula 11, wner B 

v„l„e of v = 60, and the molecular weight of the 
^irer^OO — : an average of 60 acyiate radical, A. having 
the formula -C(=0)-0-CH=CH 2 , was prepared as follows: 



(CH 3 ) 3 SiO((CH 3 ) 2 SiO) x (OSi (CH 3 ) A) y OSi(CH 3 ) 3 



n 



20 



25 



30 



. „ a 250ml round-bottom flask equipped with a reflux condenser and drym 
mbe memylhydrosiloxane-dimemylsiloxane copolymer (available from G lest 
Z Tu,lyl I PA as Product HMS-064) (20.03g, 18.91 mmo. SiH groups, and 
£ LL (Aldrlch. 1.45g, IS, mmo,) were dissolved in 50m, dry ,« 
Jn 95 microhtres of a 0.02M solution of hexachloro P ,ahmc actd m - oprop*»l 
Z added. The reacdon mixture was then stirred for IS h at SO'C. Consmn - 
cc the silicone hydride (SiH) groups was verified by treating an 
ration mixmre with ethanotic KOH soludon - no hydrogen evo,uhon was 

^ reacdon mix«tr= was then cooled ,0 5°C and buty.ated hydroxyto,uene 
(25mg) astd dry pyridine (Ug, ,8.96mmol) were added. A soluuon of 2- 
hyt yethy, acry,ate (2.196g. ,S.90mmo,) ,n ,0m, dry to.uene was then added 
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dropwise at such a rate so as to maintain the reaction temperature below 5°C. The 
macromonomer was washed twice with methanol (100ml) and then left for four 
days in a dark environment. Irgacure 651 photoinitiator (Ciba Speciality 
Chemicals) was dissolved in dry toluene and combined with . the acrylate- 

5 funcnonalised siloxane in dry toluene to give a concentration of photoinitiator to 
macromonomer identical to that for Example 4. 

The formulation (viscosity 7,3000 cSt) was then placed into polypropylene 
moulds designed to give a flat polymeric disc (refractive index 1.4107) of 20.7mm 
diameter and 1.0mm depth, (obtained from CIBA Vision, Atlanta) and polymerised 

10 for ten minutes under irradiation from a 365nm UV lamp. After polymerisation was 
complete, a transparent, rubbery polymer disc (refractive index 1.4107) was 
removed from the mould. The shear modulus of the polymer was measured with a 
Bohlin controlled stress rheometer (CS-10) as 44.5 kPa. 
Example 6 

15 This example illustrates the preparation of a macromonomer where the 

ethylenically unsaturated groups are provided by methacrylate moieties and the 

polymerisation of this macromonomer to a polymer. 

A silicone methacrylate compound of Formula m, where the average value 

of x = 730, and the average value of y = 7, and the molecular weight of the 
20 macromonomer is 55,000 containing an average of 7 methacrylate radicals, A, 

having the formula - C(=0)-0-(CH 3 )CH=CH 2 , was prepared as follows: 

(CH 3 ) 3 SiO((CH 3 ) 2 SiG) x (0(CH3)Si(CH 2 )3A) y OSi(CH3)3 BI 

25 Into a 50ml flask equipped with a stirrer bar and containing 20ml dry toluene 

is placed 2.6543g (0.36 mmol SiH groups) of a commercially available 
methylhydrosiloxane-dimethylsiloxane copolymer (available from Gelest, Inc., 
Tullytown, PA as Product HMS-013) and 0.2g (1.59 mmol) of allyl methacrylate. 
100 microlitres of a 0.02M solution of hexachloroplatinic acid in isopropanol is 

30 then added. The reaction mixture is stirred for 72 hours, after which the ! H NMR 
spectrum is recorded to confirm complete reaction of the silicone hydride group 
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dropwise at such a rate so as to maintain the reaction temperature below 5°C. The 
macromonomer was washed twice with methanol (100ml) and then left for four 
days in a dark environment. Irgacure 651 photoinitiator (Ciba Speciality 
Chemicals) was dissolved in dry toluene and combined with the acrylate- 
functionalised siloxane in dry toluene to give a concentration of photoinidator to 
macromonomer identical to that for Example 4. 

The formulation (viscosity 7,3000 cSt) was then placed into polypropylene 
m oulds designed to give a flat polymeric disc (refractive index 1.4107) of 20.7mm 
diameter and 1.0mm depth, (obtained from CIBA Vision, Adanta) and polymensed 
for ten minutes under irradiation from a 365nm UV lamp. After polymerisation was 
complete, a transparent, rubbery polymer disc (refractive index 1.4107) was 
removed from the mould. The shear modulus of the polymer was measured with a 
Bohlin controlled stress rheometer (CS-10) as 44.5 kPa. 

Example 6 . 

' This example illustrates the preparation of a macromonomer where the 
ethylenically unsaturated groups are provided by methacrylate moieties and the 
polymerisation of this macromonomer to a polymer. 

A silicone methacrylate compound of Formula EI, where the average value 
of x = 730, and the average value of y = 7, and the molecular weight of the 
macromonomer is 55,000 containing an average of 7 methacrylate radicals, A, 
having the formula - C(=0)-0-(CH 3 )CH=CH 2 , was prepared as follows: 



(CH3)3SiO((CH3)2SiG) x (0(CH3)Si(CH 2 )3A) y OSi(CH 3 )3 



HI 



Into a 50ml flask equipped with a stirrer bar and containing 20ml dry toluene 
is placed 2.6543g (0.36 mmol SiH groups) of a commercially available 
methylhydrosiloxane-dimethylsiloxane copolymer (available from Gelest, Inc., 
Tullytown, PA as Product HMS-013) and 0.2g (1.59 mmol) of allyl methacrylate. 
100 microlitres of a 0.02M solution of hexachloroplatinic acid in isopropanol is 
then added. The reaction mixture is stirred for 72 hours, after which the 'H NMR 
spectrum is recorded to confirm complete reaction of the silicone hydride group 
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(5 =4.7ppm). 

The methacrylate-functionalised siloxane and Irgacure 651 photoinitiator 
(Ciba Specialty Chemicals) (in proportions identical to that used in Example 4) 
were separately dissolved in toluene. The solutions were combined and the toluene 

5 removed in vacuo, to yield a macromonomer of viscosity 3,300 cSt. 

The formulation was then placed into polypropylene moulds (designed to 
give a flat polymeric disc of 20.7 mm diameter and 1.0mm depth, obtained from 
CIBA Vision, Atlanta) and polymerised for ten minutes under irradiation from a 
365nm UV lamp. After polymerisation was complete, a transparent, rubbery 

10 polymer disc (refractive index 1.4086) was removed from the mould. The shear 
modulus of the polymer was measured with a Bohlin controlled stress rheometer 
(CS-10) as 22.5 kPa. 
Example 7 

This example illustrates the in vivo use of macromonomers according to this 

15 invention as intraocular lenses. 

After initial softening by techniques such as phacoemulsification, . 
endolenticular fragmentation, laser phacolysis, the existing lens material of a patient 
is removed via aspiration through a small (less than 1.2mm, but preferably equal to 
or less than 0.5mm) capsulorhexis at the periphery of the lens, with minimal 

20 damage to the capsule and peripheral tissue. The interior of the capsular bag is then 
cleaned and aspirated to remove cellular debris which may contribute to 
opacification of the posterior capsule subsequent to surgery - a number of 
viscoelastic fluids e.g. hyaluronic acid may be used to flush the lens capsule. Other 
techniques (e.g. photodynamic therapy) may be used at this time to provide an 

25 additional means of decreasing the incidence of posterior capsule opacification. 

The macromonomer from Example 1 that is to form the substitute lens 
material is then introduced into the capsular bag through the capsulorhexis via a 
narrow gauge cannula. Optionally, an additional valve device may be positioned on 
the exterior of the empty lens capsule to enable injection of the substitute lens 

30 material without leakage prior to cure of the material. After refilling of the lens 
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capsule, the material is cured by UV irradiation. Other means including, but not 
limit ed to visible irradiation, thermal or redox reaction could also have been used. 
The incision in the cornea is sutured and allowed to heal. 



5 



10 
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: 

1 . An ethylenically unsaturated macromonomer comprising units of Formula I: 



Me „ 



Me 




where L is a linker group 

Z is an ethylenically unsaturated free radical polymerizable group 

10 yis>2 
xis £ 5 

and wherein the ethylenically unsaturated groups are provided by (meth)acrylamide 
moieties. 

15 2. An ethylenically unsaturated macromonomer comprising units of Formula I 
wherein the molecular weight of the macromonomer is in the range 3,000 -. 80,000, 
and wherein the ethylenically unsaturated groups are provided by 
(meth)acrylamides, (meth)acrylate and styrenic moieties. 



20 3. An ethylenically unsaturated macromonomer comprising units of Formula I 
and as defined in claim 1 wherein the ethylenic unsaturation is introduced by 
2,vinyl-4-4,dimethylazlactone. 



4. An ethylenically unsaturated macromonomer as defined in any one of claims 
25 1-3 wherein the macromonomer has a viscosity at 25°C in the range 1,000 - 
20,000 cSt. 
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5 An ethylenically unsaturated macromonomer as defined in any one of claims 
l'to 4 wherein after polymerisation the polymer has an E modulus in the range 0.01 
- 100 kPa. 

6 An ethylene unsaturated macromonomer as defined in elaim 4 or claim 5 
wherein me macromonomer has a viscosity at 25-C in the range 1,000 » 10,000 
cSt. 

7. An ethylenically unsaturated macromonomer as defined in any one of claims 
4 to 6 wherein the polymer has an E modulus of 0.1 - 10 kPa. 

8. An ethylenically unsaturated macromonomer as defined in claim 7 wherein 
the polymer has an E modulus of 0.5 - 5 kPa. 

9 ' An ethylenically unsaturated macromonomer as defined in any one of claims 
l'to 8 wherein after polymerisation the polymer has a refractive index in the range 
1.39-1.44. 

10. A method of preparing intraocular lenses in situ by injecting a flowable 
macromonomer composition of Formula I into a lens capsule bag where: 
L is a linker group; 

Z is an ethylenically unsaturated free radical polymerisable group; 
y is 2> 2 
and x is ^ 5 

and wherein the macromonomer has a viscosity at 25°C in the range 1 ,000 - 20,000 
cSt, and polymerising the macromonomer to provide a polymer having an E 
modulus in the range 0.01 - 100 kPa, preferably 0.1 - lOkPa and more preferably 
0.5 - 5kPa. 

1 1 A method of treating presbyopia by making an incision into the cornea of a 
patient, removing the lens material and injecting a flowable macromonomer 
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composition of Formula I as defined in claim 1 or claim 2 where the 
macromonomer has a viscosity at 25°C in the range 1,000 - 20,000 cSt, and more 
preferably 1,000 - 10,000 cSt and polymerising the macromonomer to provide a 
polymer having an E modulus in the range 0.01 - 100 kPa, preferably 0.1 - lOkPa 
5 and more preferably 0.5 - 5kPa. 
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